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ABSTRACT
The decay = - ne v was studied using the Yale~-NAL-BNL
hyperon beam at the Brookhaven AGS. The =" and ¢ momenta were
measured by magnetic spectrometers with magnetostrictive wire spark
chambers. A threshold Cerenkov counter and a total absorption
calorimeter identified the electron and neutron respectively. From a

sample of 3507 reconstructed events we have found IgA/gV I = 0.435%0,035,

We report a measurement of the magnitude of the ratio of the

axial vecfor to vector form factors, lgA /gv , from the observation of
3507 decays of the type =" - ne v. These events were produced using
the Yale-NAL-BNL high-energy negative hyperon beam at the

Brookhaven National Laboratory (BNL) Alternate Gradient Synchrotron

1 : -
(AGS).  The hyperon beam delivers a flux of approximately 200 £ per
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machine pulse produced in the forward direction at a central momentum
of 23 GeV/c at the exit of the magnetic channel. Figure 1 depicts the
beam and the associated electronic detection apparatus which are |
described in more detail elsewhere. 1 Beam particles of mass less
than that of a proton are vetoed by a threshold Cerenkov counter (CB)
which forms part of the beam channel and also vetoed by a scintillation
counter (Vﬂ) located at the downstream end of the apparatus. A set of
small counters (B) and a hole veto counter (VH) define the beam and
discriminate against upstream hyperon decays. A cluster of high
pressure, high resolution magnetostrictive' spark charnbr—:rs2 determine
the momentum of the emerging hyperons to 1%,

Located downstream of the 115-in, decay region is a magnetic
spectrometer with conventional magnetostrictive wire spark chambers
which determines the momentum of the electron from the decay p
ne v to about 5%. Situated after the spectrometer is a Cerenkov counter
(E) filled Wifh hydrogen at atmospheric pressure. This counter, which
has a large phase space acceptance, identifies electrons from the
desired leptonic decay among the more copious pions produced in the
major decay mode, > - nw . This counter suppresses the trigger
rate for the major decay mode by a factor of approximately 80.
Following the Cerenkov counter is a hodoscope of scintillation counters
(3), each of which shadows one of the five optical cells of the electiron

Cerenkov counter. In addition, the counter nearest to the beam line is
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backed by a lead and scintillator shower counter to give extra discrimi~
nation against nonleptonic backgrounds.

A neutron detector3 is located at the end of the apparatus,
following a second spectrometer magnet which is used to study other
hyperon decays not reported here. It consists of a set of 5 modules,
each having a 1.25 in. iron plate, an XY multiwire proportional chamber
with 1~cm wire spacing, and a scintillation counter. It is followed by
an iron=-scintillator hadron calorimeter. The interaction point of the
decay neutron is determined from the spatial distribution of the resulting
hadron shower in the five modules. By use of a complex algori’chm4
the neutron interaction point can be deftermined to better than 1 cm (rms)
for 85% of the events. As a resulf the direction of the decay neutron is
determined to better than 1 mrad. The hadron calorimeter {NC) is
used to discriminate against background muons by requiring a minimum
pulse height in the trigger. The crude information on the neutron
energy (£25%) is not used in the reconstruction.

The decay & - ne v was signified by the trigger

_ v —
CB'B'VH'C'S'NC'V“.

Two-body decays, £ - nv , and beam pions were also recorded at a
scaled down rate to provide a flux normalization and to monitor the

efficiency and resolution of the chambers and neutron detector. The
total trigger rate was a few per machine pulse. TFor each trigger we

recorded the configuration of scintillation counter hits, the pulse
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heights from the electron Cerenkov counter, shower counter and hadron
calorimeter, the time difference between signals from the electron
Cerenkov counter and the S counter hodoscope as well as the spark
chamber and multiwire proportional chamber information. The major
source of background in the leptonic trigger came from the decay

=" & nn_ in time with a background muon which triggered the electron
Cerenkov counter. A major task of the analysis was to remove this
background (which is thrice overconstrained} from the signal of leptonic
decays.

The first stage of the analysis was to require of all potential lep-
tonic events a beam track which could be extrapolated to the hyperon
production target within the beam channel phase space, a well -defined
negative track in the spectrometer making an angle greater than 9 mrad
with the beam track, and a reconstructed decay veriex in the decay
fiducial region. Figure 2(a) shows the beam mass spectrum of events
passing these criteria when reconstructed under the = - nm hypothesis.
The broad distribution containg the leptonic events and the sharp peak
at the £ mass the two-body background. A reduction of the nonleptonic
background was made by requiring a large pulse height in the shower
counter when relevant, a proper time difference between the electron
Cerenkov counter and appropriate S counter, and by reguiring that the
reconstructed negative track point to the proper cell of the Cerenkov

counter and the proper S counter. These consistency requirements



-5

serve to define decay electrons and eliminate events having a background
muon triggering the electron Cerenkov counter, reducing the nonleptonic
backgrounds to the level depicted in Fig. 2(b). The final sample of

3507 = - ne v decays results from a cut requiring the reconstructed
=" mass, assuming the hypothesis =" - nm , to be less than 1165 MeV.

Since for this leptonic decay there is a square root ambiguity
resulting from the zero constraint fit, we cannot assign an event a
unique position on a Dalitz plot. In order to obtain the maximum infor-
mation in a bias free manner, both solutions were kept and each event
plotted on a three~dimensional Dalitz plot. The electron energy and
two neutron energies define the coordinates. 'The form factor ratios
were obiained from the final event sample by a maximum likelihocd fit
to projections of the three-dimensional "Dalitz plot" weighted by a
Monte Carlo calculation of the acceptance of the detection apparatus.
Our center-of-mass neutron and electron energy resolution (about 5
MeV) corresponds to 5 neutron energy bins for each solution and 20
electron energy bins.

Data were taken for two values of the magnetic field in the spec-
trometer magnet. This had the advantage of giving two data samples
with different amounts of nonleptonic backgrounds and different detection
efficiencies. The two resulis for the absolute value of the form factor
ratio as computed from a likelihood function (£) fit to the neutron

spectrum only are presented in Table I. In obtaining these results, it



—f-

was assumed that second-class currents are negligible and that the
effect of weak magnetism is that predicted by the Conserved Vector
Current hypothesis (CVC). The result is quite insensitive to the aznou;lt
of weak magnetism present.

In order to evaluate the quality of‘t'he likelihood fit of the data to
the usual parametrization of the weakly interacting hadronic current,
Monte Carlo techniques were used to generate a number of event
samples of equivalent statistics to the data sample. The measured
form factor ratios were used as inputs to the Monte Carlo program
which included the effects of experimental resolution. These events
were then analyzed in a manner identical to that used for the data. A
comparisgon between the value of the likelihood fits for the data and
Monte Carlo generated event samples is also presented in Table I.

The errors assigned to 1gA/gV l are purely statistical. However,
none of the small systematic corrections considered contributes signifi-
cant uncertainties. The final result for the absolute value of the form
factor ratio is obtained by averaging the results from the two data
samples to yield:

g, fay | = 0.43520.035.

It is interesting to note that the Cabibbo theory5 predicts gA/gV
= 0.3320.04. 'Table II contains a comparison of this experiment with

the results of previous experiments.
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Table I. Results for |gA/g Iand Maximum Value of Likelihood Fits
From Neufron Spectrum in ¢, m.

Spectrometer Field Integral 6 KG-m 13 kG-m
leq /ey ] 0.420+0.045 0.45510.055
In £ (data) -51,68 -52.11

m £ (Monte Carlo) -53.28+3.26 -49.6243.18
Probability

Z (Monte Carlo) <X(data) 69% 22%

Table 1I. Summary of » —>ne ¥ Form Factor Txperiments.

Experiment Year No. of Events lgA/gV|
6
Maryland 1969 49 0.23+0.16
o 7 +0.26
. " 3 ' .
Heidelberg 969 3 0.37 049
o 8 2
Columbia-Stony Brook 1972 36 o.zgfg' 23

This Experiment 1973 3507 0.435+0.035
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FIGURE CAPTIONS
Fig. 1. Schematic diagram of the high-energy hyperon beam at the

BNI. AGS.

Fig. 2(a). Mass spectrum of beam particles for leptonic decays at an
early stage of the analysis when reconstructed under the P
hypothesis. The leptonic events being sought are in the broad tail,
the two-body background events are in the sharp peak.

Fig., 2(b}). The same spectrum at the last stage in the analysis. A

final mass cut of 1165 MeV was made and events below that mass

were considered to be leptonic decays.
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